The authors have studied the acute effects of the intravenous and intia-arterial injection of the sodium salt of adenosine triphosphate (ATP) in man. Rapid injection causes a frightening sensation in the chest and hYperpnea. The Supported by a grant-in-aid from the National Heart Institute, United States Public Health Service. adenosine triphosphate rather than with its ease of deamination. By injecting a mixture of adenyl pyrophosphatase, alkaline phosphatase, and adenosine deaminase intravenously in rabbits receiving an infusion of adenosine triphosphate, Kalekar and Lowry4 were able to block the depressor effect of adenosine triphosphate.
ALTHOUGH the important role of adenosine triphosphate (ATP) as a coenzyme in transfer of high-energy phosDhnte is widely recognized,' there is no available information on its pharmacologic effects in man. Increasing attention has been directed toward adenosine compounds since the demonstration by Drury and Szent-Gydrgyi2 that adenosine and adenylic acid dilate the coronary vessels and lower arterial blood pressure in cats and dogs. They suggested that this activity was associated with the ease of deamination of the compounds. Fleish and Domenjoz3 compared the effects of muscle adenylic acid with adenosine triphosphate on blood flow in the hind limb of dogs and concluded that adenosine triphosphate was 70 times as effective as an equimolar concentration of muscle adenylic acid in its vasodilatory action. Kalekar and Lowry4 did not find that the presence of its two pyrophosphate groups made adenosine triphosphate any more potent in its v asodepressor effect on rabbits than muscle adenylic acid.
On the basis of its vasodilator effect several suggestions have been made that one of these compounds may be responsible for the vasodilatation occurring in states of shock.5-9 Potter10 suggested that the phesphorylating mechanism may be lost, a concept -hich could link shock with the high phosphate-bond energy of Supported by a grant-in-aid from the National Heart Institute, United States Public Health Service.
adenosine triphosphate rather than with its ease of deamination. By injecting a mixture of adenyl pyrophosphatase, alkaline phosphatase, and adenosine deaminase intravenously in rabbits receiving an infusion of adenosine triphosphate, Kalekar and Lowry4 were able to block the depressor effect of adenosine triphosphate.
However, when these enzymes were injected into rabbits and dogs in traumatic shock, no protective action on blood pressure occurred and insignificant amounts of adenosine derivatives were found in the blood. They concluded that the release of adenylic acid compounds probably does not play a primary role in the etiology of traumatic shock.
It first seemed reasonable to Szent-Gydrgyi"1 that the energy for the breakdown of adenosine triphosphate is necessary for the relaxation of muscle to a state of high potential energy. All electrical signals were led through directcoupled amplifiers into Sanborn Galvanometers and recordings made optically on a photokymograph run at a speed of 5 or 25 mm. per second.
Renal Function. Two control urine collection periods of 10 to 12 minutes each were taken according to the constant infusion routine.25 In the patient who received sodium amytal only 300 cc. of water was given by mouth. Priming and sustaining infusion solutions were prepared with inulin and sodium paraaminohippurate (PAH) according to formulas based on weight, estimated renal function and age.26 Analysis for inulin was made by Harrison's method,27 modified for the Beckman DU Spectrophotometer. Analyses for paraaminohippurate were made by the method of Smith18 except that 1:15 acid zinc sulfate filtrates were used instead of cadmium sulfate and sodium hydroxide.
After careful reassurance during the time instruments were being applied, two or three control clearance periods and one or more control tracings were taken. Forty or more mg. of adenosine triphosphate* freshly dissolved in 50 cc. of sterile saline was infused at a rate of approximately 5 cc. per minute depending somewhat on the subjective reactions of the patient; continuous measurements were taken during the injection interval. In most instances the total dose was 40 mg., the range being 20 to 75 mg. Records were taken at varying intervals during recovery.
RESULTS
The subjective responses to intravenous injection of adenosine triphosphate were striking. Patients On intra-arterial injection the subjective response was greatly lessened for an equal dose but was present if injection was sufficiently rapid. After injection in the brachial artery the chief sensations were warmth throughout the forearm and hand; the skin of the injected forearm was distinctly warmer to touch than that of the opposite side, and some patients experienced a feeling of fullness in it. Figures in italics were not used in estimating means in order to keep the data comparable.
"First recovery" values represent measurements made from 1 to 10 minutes after drug injection stopped.
Respiration. The most profound and consistent changes were observed in the depth of respiration. Although no quantitative measurement of respiratory volume was attempted, markably constant in all but 2 subjects. One increased from 12 to 32 respirations per minute during intravenous injection, the other from 18 to 32 during intra-arterial injection. The increase in cardiac index was associated with an increase in pulse rate in every instance. An increase of 8 or more beats per minute occurred in 8 of 15 subjects on intravenous injection, the average being 10 beats per minute. Heart rate fell in one subject.
The observed rises in cardiac output were not accounted for on the basis of pulse rate alone in 4 subjects whose stroke index increased significantly.
Arterial and Venous Pressure; Volume Flow. It will be noted in table 2 that during intravenous injection both systolic and diastolic blood pressure showed small decreases in 7 of 9 subjects, the diastolic change being statistically significant, and averaging 7 mm. Hg. Observations of blood pressure during intraarterial injection were incomplete, but measurements taken at varying intervals during recovery showed a return to control systolic values or above in every instance. In only one (W.H.) was the first diastolic pressure signifificantly below its control level after recovery. Photoelectric plethysmography in 3 subjects during injection into a brachial artery gave definitive evidence of increased finger volume in the ipsilateral but not contralateral side ( fig. 2) . During intravenous injection changes in ear and finger were less clear-cut. Six of 8 subjects showed evidence of increased blood volume in ear and 2 of 4 increased blood volume in finger.
Renal Function. Table 3 shows the effects of intravenous injection of adenosine triphosphate on glomerular filtration rate, effective renal plasma flow, and filtration fraction on 7 unanesthetized patients and 1 patient who had received 0.5 Gm. of Sodium Amytal intravenously before the control periods. With one exception, there was a fall in paraaminohippurate clearance during the injection with a tendency to return to normal during the recovery period. Inulin clearance decreased during injection in 7 out of 8 subjects. Two patients who were apprehensive showed evidence of efferent arteriolar constriction by an elevated filtration fraction. Although this response would be expected after the administration of adenosine triphosphate, the net effect on filtration fraction during recovery was negligible. DIsCuJSSION
The many compensatory and defense mechanisms of an intact circulation tend to increase the number of possible interpretations of the results in a study such as the present one. When results are not consistent, they are more likely to be produced by such secondary mechanisms, and not reflect direct responses to the injection of a drug. According to this reasoning, the present data on changes of respiratory rate, renal blood flow, heart rate, and cardiac output may not represent direct responses to the action of adenosine triphosphate. The observations on patients under Amytal sedation suggest this measure was not successful in eliminating the secondary mechanisms. On the other hand, the moderate but more consistent changes in blood pressure, digital volume flow and venous pressure may well be a direct result of adenosine triphosphate, suggesting a vasodilatory action. There is ample documentation in other studies2-5 for such an effect. The lack of consistency in the response of the above functions suggest that they are not controlled by the direct action of adenosine triphosphate on muscle contraction.
Indeed, Sandow21 has questioned the original theory of Szent-Gyorgyi on the role of adenosine triphosphate in muscle relaxation, and Szent-Gydrgyi himself has recently22 modified his views.
The one striking and consistent response was hyperpnea, which occurred even in subjects under moderate Amytal sedation who could not have been apprehensive. Of the chemical factors concerned with the regulation of respiratory rate and depth, hydrogen ion concentration, carbon dioxide tension and oxygen tension are known to be important. Adenosine triphosphate may prove to influence this chemical regulation through the central nervous system. On the other hand, the response could be secondary to local factors such as increased pulmonary artery resistance.
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